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Ultrasonic wave velocitiss wore sespure: in H.LFz in *he region
of the antiferromagnetic transition, Bcth lonpitudinal and shear 1avie
wers propagg.ed in the @10]) direction /'t freqrentien

The longitudinel wav-s showod an atteurss

LI te b5 me.

don p sk at the N/l tercpery -
ture which increased with feocency, A magratic “iele of 2

6 xdlogauge
narrowed the attenuation paak slightlv, but hid ro affect on the

azount of attenuation, the location cf tno 7%k, nor a: tie veloc'ty,

Shoar waves axhibited s gradual increase in attenuaticr with decrease
ing temperature, but had n7 atterua’ ion pean, & megnetis fielu of

5.5 kilogauss increarsd the attonuation of vie oloar w-ves very slightly,
Although it was not porsible t¢ detaraine 2 complotc oot of modull,

values at 70° K. appropriste tc the wave. measurad are ,lin-uniﬁrox'
-i(ﬂ)—d"m—m——{' =2/ "ft.ut.» /\.
‘. ,J,clz * Cgg = 16402
Cy = 3357

g(cn - Cyp) » 1,729
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INTROMUCTIO.
LIST OF TAB'ES X ‘
robte ) . Page .', The concept of antiferrcaagnetism war first adv.nce” by Néol in i
-~ y o § 1932 in connection with his studies of the sasceprdbility of trunsition |
! 3:&::1;11-:;4;;2:(';0;;“ 1:"31'3??':::&}\ ;,Wﬁ:? 15 : motels and alloys. He noticed that Pt, Pd, Mn Lr, and man, of their
11 sﬁigg; ;:,hn;f:\é:n:;‘:::::l;:o;ef::é ::ﬂ ﬁ&' " alloys show an arcmelously lage temperature :adependent parenagretic
direction in Mnl"z. 18 suscoptibility., Néel assu~ed that ne arrar. mer . of atomic momentay
11 Wava length of elsatic waves propagated in (114 2 . in o oryotel lattice o euch thet thoy -re antipursalel ab & suffi
dfgeorion i Mnrz- olently low temperature, Using thia moc:1 he shosied tha’ an anti-
ferromagnet obeys the Curie-Weire iaw at bigh temperatures, and was
able to obtain formulas for th~ antiferroragnotic Curie or Néel noint,
. Since theso errly inveatigations nany suJdstaices othor than the
! transition motals have baen invastigated, Maiganese ‘luoride is one
of thess, At ite Néel tempesature ('\/67° K.) ancmalies sppesr in the
L magnetic susceptidility, the epecific heat; the thermal expan: ion,
. noeutron scattering an nucloar magne’.ic sescnanca frequancy. Tts
mechaniecal prop:rties near the Ndol teapersture hed not been dotore
f mined, and thus the prcugnt worl weo undartaken,
i
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EXPERIMENTAL PHROCEDUFE

- .-

A large randomly oriented iingle cr.atal of HnFy wae pur-
chased from the OptoVac Corp-re‘ion. One of the faces of the . CopiO nar HO , d er
unoriented rough sample was smoothed b, use of 3/0 cm-ry finishing
paper on a smooth planar glass surfece, A back reflection Laue

. pattern of this facs showed it to be perpsndicular %o the [110)
direction of the .rystal. To obtain arsther fiat faze parallel

4o the first, the sazple was placed in & sauple preparation holder

ap shown in Fig, 1, T.e smoothed face was placad face down inside

cf the annular rogion of the holder whick was reoting on & smooth

plonar glase surfece, This proprration holder was constructed of

N -~ ‘ 4 .
machined aluminun with the upper and luwer faces parallsl to : Fi g. la a?}"'aL‘: f Pre para:ion

within 0,C)1 inches, With the sample in position in the annular
region of the holder, molten sea.ing wax wes poured into the empty \ M '_' F [

1
regi~as, fcoming a rigid tond between the sarplo and the holder. \\ 2 Ny

When tho wax had soliuified the glass purfaco was removed, leaving Vi - A -A o i
-~

the bottom [ace of the sample cc-planar with the holder. The

upper fece wos then finished with 3/0 emery finishing peoer,

taling care not to disturb the co-planar aluainum holder eurface.

When the upper vample face was cc-planar with the holder it wae e

considered to be co-planar with the iower face., The sumple was _ __,-d-r""’]’ .

then removed by heating the sealing wax, ' e —_ X
a

J-|- -

- i

SR B =

The upper face lower face wnd two of thi rough side faces C A r‘_,--"‘ __,..\‘ Z r;
of the eample wers then coated «’th Dew Corning Silicone Fluid ; -.T a ':l:-;' ﬂi U] .
No. 710. These four faces of “he sample then were wrapped with a 0 ¢ [Ii o]
. eingle thickness of V,00! ca aluminum costed mylar film which

Frg.1b Crientaiion of Mn=2

served a3 & radio Ireguiency ground for the transdacers The silicone '
z ’ 0 o 3
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fluid was thon applied to the supper surfacc of the myrlar, and a
quartz transducer was placed on this fluid, Bonding with substances
other than Low Cor<ing 710 was sttemptec, but the bonds wore either
too fragllo, or the donding material caused too groat of an inherent
bonding attenuativn. Tho sample was then mowited in the sagsple
holder,

Fis. 2 shows the ranple holder, Plates A and D of the sample
holder are fixed in position and made rigid by three brase machine
screwe (not ashown in Fig. 2). Plate B 1e cenotructed of fiber-
board, and is used to gaids the var’ous wires used in the holder,
Plate C ‘s 8 brass ;late that viides vertically on the three brass
macnine acrews, and is fixed in position b, pas’tioning nuts on the
three scrowe on both sides of t4e plate, Mounted in the center of
plate C is a dielectric centerpie.e with the canter lead of the
coaxial cable mouniod o @ brass rod that slides through the di-
electric. The end o7 .his rod is then mounted to & circplar copper
plece thei is held in position against the quartz transducer by a
coil spring between it and the dielectric, The sampla is placed
between platss C and D, and plate C is then lowered and secured
in a position such “hat the copper r-f plecs is firmly againet the
quarte transducsr. The mylar film touches plate D, forming the .
electrical contact for the r-f ground return, the holder itself
being electrically grounded.

After placing tho sample in the sample holder, the entire
holder head aseembly ie pre.ccoled and then immersed in the cryo-
genic fluid. Th. Dow Corning 710 providos & stable, secure bond of

the “raneducer to the mylar, and of the mvlar to*tho sample. The
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nd

spring pressurc against the copper r-~{ piece incures contact betwsen
the copper and the quartz transducer.

The initial radio frequency wave is gunerated by an Arenborg
Pulsed Oscillator using various fragencicr from 5 to 70 mc, and a
pulse length of approximately two microseconds. The wave is fed
simultancously to the sample holder, and, shrough the amplification
stages, to & Tektronix RM L5A Oecilloscope. Hadio f-equency waves
excite sound waves in the plezoeloctric quartz tranaducer, snd
these waves are tranamitted thidugh the pample, FEchoen return <o
the quartz transducer where they excite radic froquencies in the
quartz, which are then anplified and aisplayed on ulo onciiloacope
in the proper time relation to the origins? pulse. Tns :zsciilator
is externally triggered to pulse at 1000 pulsca per pecond, allowing
ample time for the measurement of the returning ochous,

A schematic diagram of the electronic apparstus used in thio
experiment is shown in Fig. 3. The pulsed osciligtor is triggered
by a time aark generator »hich alsy generates accurate timing
marks for diopiay on the oscilloaccpe. The time-mark trigger also
synchronjzes the oscilloscope tu make both tra.es begin at the same
time the pulsed oscillator is triggered. Tha puloed oscillator
has a built-in trigger delay to allow accurale reading of the
initial pulse. The expojential wave generator 1o triggered with ths
sz delayed trigger to insure the exponantial wavo sta~ts the same
vime the somple ie pulseds The pulse io fed to the rample and
through the maplifier aimultaneously, and displaysd on trace B of
the oscilloscope. Returning echous appear in time phaso after

anplification on trace B. In veloc.ty measurements, tine marks are
6
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placed on trace A which allows an accurate method for the deter—
mination of the time betwoen pulses, When attenuation is measured
the generated exponential wave is displayed on trace A, and fitted
to the envelope of the echo ps’ceiu by superimposing trace A on trace
B.

Velocity of the wave is dotermined by measuring the time
required for the pulse to tramit the sample, refloct from the
opporing face, and ro-transit the sample, and by measuring the
distance traveled (corrected for thermal expansion of the sample),

Trensit time is the time required for the pulss to make this
round trip, The tranasit time L5 measured by determining the time
from a given pulse to a series of following pulsea, with the aid
of & time-mark genurator, The timo is then plotted as a function
af echo number, and cn average irnasit time for a given temperature
3 wed from the

The room temporature sample length was determined by o series
of micrometer mensurezents to be 1,386 2 0.00) em. The thermal
expansion coefficierts for HnF, were cxamined 1; and found to have
negligible affect on the measured length to within the accuracy of
the transit time moasurements in the temperature region being inves~
tigated. Accordingly expansion of the sample was ignored, and the
velocity -of propagation was obtained by dividing the mean path length
by tho average transit time, Time was determined to within 0,01 micro-
ssc, for transit times of over four microsec. The abaolute accuracy

of the velocity wan determined to 0.2%, although measurements of the

10, 7. oibhons, Phys Rev 115 119, (1959)

8

SIS e

relative change in volocity through the Néel temperature ware

accurate to 0,01%,

Attenuation was measured originally by measuring the amplitude

of succesaive pulaes, and plotting the results againat echo nuzber

on semi-logarithm paper. The resulting plot was a atraight line

whoae nlope was a measure of attenuation Per unit time. These

meaourements were converted into db et through the velocity,

In later axperiment; an exponential wave was generated and
calibrated by use nf resistance-capacitance circuits, and used for .

comparison with the envelope formed by the echoes. Fig, 4(a) ashows

echoes typical of the shoar waves. The time scalo is 10 micyosoc,

per cm, Examining the envelope of the echces evidences the oxponen=

tial decay, Fig. 4(b) shows the oxponential wave generated by the

oxponential wave generator as s displayed on trace * o= *he oscillo~

occoc,  Fig, i(c) shows 'Ly tio teaces supert oon, exprenen

tiel wave fitted to the echo pattern envelope. The two pLiterns were

matched by varying the gains of tho amplifier, oscilloscope, and the

exponential wave gencrator, and by varying the time conatant of the
exponential wave generator by means of a graduated

The

variable resistor,
exponential wave generator was calibrated by placing a

specified sotting on the variable resistor of the generator, and

recording 4en amplitudes at equal tim: intervals, This data was

plotied as a function of the setting of the variable resistance on

the exponential wave gonerator, This calibrated the generator oo

that in subsequent experimental runs it was necessary to read only

tho sotting of the resistance dials to determine the attenuation as

& function of time, This attenuation is directly convertible to
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zH. J+ Hoge, Journ, Res. NBS 44 321 (1950)

attenuation as a function of distance, The dial could be read to four

significant figures, which gives an aceuracy of 3 0,001 db ea™d in

attenuation below 1.5 db cm'l, and an accuracy of ¢ 0,002 db cm™t

in the region from 1.5 to 2.4 db enl, Above 2.4 db ca™L the
accuracy in attenuation measuroments decreases rapidly due to limita=-
tions in determination of the olope of the exponuntial wave generated

by the axponential wave genorator.  Tas maximum attonuation point wag

readily discernable, but the actual attenuation may be as much as one

db m‘l more than that indicated by measurement, This possible in-

accuracy affects the maximun attenuation measurement of only the

65,5 me frequency. Removal of the trace of the exponential wave, and

then replacing and refitting it to the envelope, was within five

digita in the fourth significant figure. If the exponential wave

trace were fitted continuously to the echo pattern reproducibility
¥as to within one digit in four eignificant figures,

Initial temperature measurements were made with a coppor
resistance thermometer placed in a position as indicated in Fig. 2,
Experiments were performed using liquid oxygen as a cryogenic, and
calibrating the resistance thermometer against equilibrium vapor
pressure readings 2. Comparisons indicated a requirement for a more
accurate and reproducible electrical muasurement. A gold-cobalt vs
copper thermocouple was employed at a position closer to the sample,
as shown in Fig, 2, but ite accuracy was limited to approximately
& 0,15 dogrees in the temperature range undor investigation, Finally

8 sample of vory high purity platinum wire was purchased from the

n
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Westorn Cold Corporation; was varnished, wound, and placed in the -
position shown in Fig, 2 to more eccurately determine the temperature,
Resistance was measured accurately to within three milliohms which
gives an accuracy in temperature of » 5 millidegrees based upon pub-
lished date ;. In addition to more accurate temperature determina- '
tions, it was found that the time required for the platinum wire
resistance thermometer to reach thermal equilibrium was almost exactly
that required for the MnF, sazple to reach thermal aquilibriun, When
shifting to a new temperature by varying the pressuro on the cryogenic
bath the vapor pressure would reach a steady condition initially,

followed in a few seconds by the copper resistance thermometer reach=

boiling at a constant rate, Glase dewar systens were employed to
insure that the boiling was occurring while the vapor pressure
meagurements, wore made, Glass beads wore placed in the bottom of
the dewar o act as nuclei for vapor bubbles to form at the bottoa
of tho fluid bath, resuiting in continuous boiling, t.horeby' con=
tributing to a more uniform tomperature throughout the cryogonic,
In making measurements with a magnetic fiold a metal dewar with a
omaller diameter than the glass dewar was used in order to have the
maximum possible magnstic field on the ‘nmplo. Since the boiling
could not be observed with a metal dewar, the prime method of tempera-
ture determination was by electrical means.

ing steady state, and this followed almost immediately by the gold-
cobalt vs copper thermocouple, Finally from ten to thirty seconds N
later, d&pending upon the amount of temperature shift, the platinmum
resinstance thermometer would reach equilibrium, Hoasurements made
on the sample after the platinun resistance thermometer had reached i
equilibrium were completely reproducible, whereas meoasuremento made )
prior to this equilibrium might indicate an inaccurate temperature, ' Q
the error being dopendent upon the amount of temperature shift and 2
whether the sample was being ccoled or warmed,

Liquid oxygen was chosen as the cryogenic fluid because of its
stability and temperature range under roadily obtainable pressures
in the temperature region under investigation. It is noted that the

liquid oxygen has a high heat capucity, and that accurate vapor s

pressury messurements may be obtained only 1f the oxygen is kept

= N—

3H. J. Hoge & P. G. Brickwedde, Journ, Res, NBS 22 351 (1939)
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EXPERIMCNTAL RESULTS

Velocity and attenuation mcasurcments in Han wore mude both

with a magnetic field and without a magnetic field in the tempera-

ture range from 56 to 80 degrees Kelvin, for both longitudinal and temperature,
shear waves, using frequencies in the 8.3 to 65.5 mec range, Polarization
The velocity of sound of the longitudinal wave in the MnF, [110]
sample was constant with temperature ard frequoncy within the region foo1)
measured to within the accuracies of measurement, The velocity of ’ [ﬂo]

the longitudinal wave was determined to be 6.60 x 10° ca sec™l, The

velocity of the ahear wave was depondent upon the polarization, but

ind 4,
P

t of freq y and temperature in the region considered,

When the wave was excited parallel to the ¢ axis the velocity was
determined to be 2,9 x 10° ca sec 1, Porpendicular excitation waves
had a velocity of 1.62 x 10° ca sec™l, These results are summarized
in Tablo I along with the cambination of elastic constants determined
from the velocity measuremesnts. The density used in computing the
olastic constants was teken to be 3.891 gn ca™3 as listed in the
ASTH card (ilet '

< The attenuation of longitudinal and shoar waves in }(nI-‘2 was
dependent on teuperature and frequency. For longitudinal waves
there was a large incresse in attenuation in t.h'o vicinity of the
Néel temperature, 67.336 degr&n Kelvinl'. This peak 1o shown in
Fig. 5 whore atienuation is plotted as a function of temperature
for aoveral different sound froquencies, The peak attenuation was
“P. Heller and G. B. Benudek, Phys. Rev. Letters 8 428 (1962) '

U i

CAsmeaA e o e g e Pt A dn e s so 5 oS

Neasured velocities and corresponding modull for propagation of

elastic waves in the [21(] direction in MoF, near the Ngel

Velocity (em uec'1)

6.60 x 103

2.% x 10°
1.62 x 10°

S e nr gy,

— ..

TABLE I

Modulus ‘gme cm-zt
foggr 20,0 € = 16092 x 207
€y, = 3.57 x 2011
465 - ¢;,) = 119 x 1012 ]
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centered at the Néel temporature, which, by this present experiment
was determined to be 67.35 ¢ .02 degrees Kulvin. The peak incressed
in magnitude and became relatively sharper with increasing sound
frequency. Except for the lowest frequency (8.3 nu:)’um attenuation
incroased with decreasing temperature, rieing significantly several
degrees in anticipation of the-Néel temperature, Within the limite
of accuracy of temperature measurements tho peak attonuation did
not shift position wdth increasing frequency. The results of the
chango in ;ttmuuon for various frequenciss is summarized in
Table II.

The effect of an applied magnetic field on the attenuation of
longitudinal waves near the Néel temperature is shown in Fig. 6.
This figure shows attenuation for 25 mc longitudinal waves plotted
in an expanded temporature scale, The filled circles show the
attenuation for geroc applied field and are in agreement with Fig.

5. The open circle points show the attenuation for a 3.6 kilogauss
magnetic ficld oriented parallel to [110] and the crosses show
attenuation for the same field orisnted parallel to [001]. It is
apparent that the magnetic ficld did not affect the magnitude or
the position of the attenuation poak. However, the amount of
attonuation immedistely adjacent to the Néel temperature was
docreased slightly with an Ap;liod magnoetic field, ceusing an
apparent narrowing of the attenustion peak,

Attenuation of shear waves in HnF, was aicasured at thres freo-
quencies, 10, 15 and 30 mc, for oscillations paralicl to the ¢ axis,
and at ono frequency, 15 me, for oscillations porpendicwlar to the
¢ axis, Fig. 7 shows that, for sero magnetic field, attenuation wus

17

TABIE II

Relative changes in attenuation of longitudinal waves propagating
in the [130] direction in HiF, at the Néel temporature,

Prequency Attenuation
(megacycles ur.'ll {db em=1)
8.3 0.1
16.0 0.6
32.0 : 0.8
43.0 1.6
65.5 1.i.




Figure 6

Attenuation vs tnpernt.ur; for longitudinal waves in Mnl'2 with 3.6
l:dlogause magnetic field applied. (Solid curve is for sero applied

field),
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found to be dependent on frequency and polarization of the oscille-

tions with only slight dependence on temporature. For the 15 mc waves

the attenuation was approximstely tripled for a change in polariza-

tion oscillation from parallel to the ¢ axis to perpendicular to the

c axis, although part of this effect may have been due to differences
in bonding., With the polarization parallel to the ¢ axis, the actual
attenuation varied as a function of frequency, but the change in the
attenuation was approximately constant, and not a function of fre- ' )
quency. It was noted that for 15 mc shoar waves there was a slight ,
decrease in attenuation near the Neel temperature for both polariza- R
tionas, This decrease did not appear with either the 10 mc or 30 me
waves that were moasured, '
Attenuation of shear waves with polarization parallel to the : Figure 7

c axis was measured at 10 mc for a magnetic flield of 5.5 kilogauss

' Attenuation va texmperature for shoar waves in MnF, .
oriented both parallel and perpendiculsr to the ¢ axis as shown in , : X 2
¥ig. 8, The attenuation was found to t;o slightly dependent upon the
orientation of tho magnetic field, with tho higher attenuation i i
occurring with the field perpendicular to the ¢ axis, The teapera-
ture depondence of tho attenuation of the shear waves in the mgut.ic
field was small, and was of the esme charsoteristic as the attenuation ;

without a magnetic field,
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Attenuation vs temperature for shear waves

indicate run made while cooling)

(o
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kilogauss magnetic field spplied. (Data points enclosed in
circles indicate run made while varming; open circle points
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DISCUSSION OF RESULTS

Changes in many physical properties including internal ('l'it:t.io;a‘1
and Young's modulus huve been meatured near the Néel temperature rorg
other antiferromagnetic materials., The wechanical properties of the :
metal chromium have been externsively inveutigatud,s-lo and show |
anomalies at temperatures of 120% K. and 310° K. Recent low {'requenci
measurements at 1 cycloa and at 35 kt:9 show that the changes in mechu{
cal properties are characterized by a dip in Young's modulus and a rip
in internal friction at the Néel temperature (310° K.). Both effects
peraist down to the spin flip tempurature (~120° K.) so that the
resultant curves for well annealed samples as functions of temperaturd
show a "channeled" lowering of modulus and an enhancement of attcnuatid
between the two temperatures. The maximum value of attenuation appear
near the "spin flip" temperature. These results are in agreement with
Overhauser?’s t.rent.mentlo of the antiferromagnetism of chromium as spin
density waves rather than lccalized moments. The relatively small

heat capacity mamoly6 of chromium near tho Néel temperaturs is also

oxplainable in these torms.

Other ruultu5 obtained at higher frequency (70 kc) show dips in
the modulus and a peak in the internal friction centered at the Ncel
temperature, Detailed 10 me meauurenontnn of the elastic constants oti

chromium show that curves of the individual constants as functions of

M, E. Fine, E. S. Geiner and W, C. Ells, J Hotals 189 56 (1951)
« Ho Beamont, H, Chihara and J, A, Morrioon, Phil Mag 5 188 (1960)
M, deMorten, Phil Mag 6 825 (1961)
+ deMorton, Phys Rev Letters 10 208 (1963)
1fte Street, Phys Rev Letters 10 210 (1963)
A+ W, Overhsuser, Phys Rev 128 1437 (1962)
1p, 1. Bolef and . Deklerk, Phys Rev 129 1083 (1963)
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temperature rescmble the lower frequency reuults9 on unannesled speci=

mens, Dips in the moduli are evident at both the spin flip and Néel
temperatures but the internal friction was not determinoed.

13 and m.ngmeaeu‘

Experiments on oxides of c:b;lt,n‘ 1 nickel,
show slmilar effects: a lowering of modulus and an increase in internal
friction as the temperature is lcwered past the Néel temperature. For
Mn0 and CoO changes in modulus and we)l~-developed peaks in internal
friction are observed and found to occur at temperatures somewhat below

the Neel temperatures., A thermodynamic trumentu‘ predicts that the

internal friction peak and the change in modulus always occur together
and that the maximum in the internal friction always occurs at a
temperature lower than ths Neel temperature.

Anomalous behavior of ultrasonic attenuation also has been ob~
urvod15‘ 16 in the ferrite Fe,0, (magnetite), In magnotite, the inter-
nal friction of torsion oscillations of a [100] rod show a peak some
20° K. below the transition temperature while the internal friction of
) longitudinal oseillations shows no such peak. This material changes
structure upon ordering and the ancmalous attenuation and modulus change
have been interpreted as dus to a stress induced ordering. The change
in the degreo of order caused by a constant applied stress is a maximm
at the transformation temperature,

Ths present results differ from the results quoted above and are

13" Strest, Phys Rev Letters 10 210 (1963)
' M. E. Fine, Rev Mod Phys 25 158 (1953) .
138, Street and B. Lewin, Nature 168 1036 (1951)
J"‘l((. Z.)Belov, G. I. Katayev and R, Z. Levitin, Journ Appl Phys 31 1533
1960,

.o : 5 D Y SO L L

characteriged by:

&s no change in wave velocity was observed at the Néel
temperature,

b. an attenuation peak for longitudinal wuves at the Néel
temperature which increases with frequency.

€. no observed change in this peak a9 & result of applied
magnetic field,

d. anab

of an attenuation peak at the Ngel temperature

for the shear waves.

©. & slight dependence of shear wave attenuation on the

orientation of applied magnetic field,

No change in acoustic wave velocity was observed for each of the

three polarizations when the sample temperature was lowered through

the Néel texperature, Any velocity change is estimated t.o be less than (

one
part in 5000 and change in modulus 4s apparent onl.v through the

th
ermal expansion, For HnF2 the change in length along the a axes first

decresses and then increases with decreasing temperature; being zero at
80° .
K. Thua the ch.ngo in modulus through the Naul, temperature is seen

only through the ch:mga in thermal expansion parallel to the ¢ axis.
For a temperature change from 7o° K. to 60° K.

this change amounts to
about three parts in 101‘.

The attenuation peak for the longitudinal waves occursd at 67,350 x

for all frequenéiés ieasursd,

ea™d,

Taé darimin valus observed was over 2.6 db

Althongﬂ the peak 1s approximately of the same nagnitude as that

observed for Mnd and Co0, no large accompanying change in modulus ia obe

15
3 « E, Fine and H, T. Kenney, Phys Rev 94 1573 (1954)
2ép. F: Gibbons, Journ Appl P:Ul 28 810 {3957) ; served. (The modulus changes observed in Mn0 and Co0 at lower frequencies
% : wers approximately fifty percent.) No thermal hysteresis was evident in
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the longitudinal wave experimenis although an apparent small thermal
hystereais for shear waves is shown in Fig, 8. In this figure the open
circle points show the attenuation of shear waves while cooling and the
dotted center points are for warming. These points are close enough
together to be within the absolute experimental error,

46 shown in Fig. 6, the effect of an external magnetic field is to
£lightly diminisn the attenuation in the vicinity of the maximum, but not
to affect the magnitude or position of the maximun. In view of the large
internal field in MnF, it is probable that any change in peak height or

posivion will become oboervable only with the spplication of much larger

. fields than the present experiment allows,

For shear waves, an attenuution peak was not cbserved near the Néel
temperature, The only effect of an external magnetic field was to change
the general attenuation level with field orientation. Fig. 6 shows that
with the field parallel to the epin alignment direction (¢ axis) the
attenuation was slightly increased,

The transition in MnF, at ~67° K. in thought to bet? an order dis-
order ﬁhane change between the two orientations of spins, A thermodynamic
treatment of second order phase changes predicts that the thermal expan-
sion coefficient, specific ncat and isothermal compressibility of an iso-
tropic solid should all become large at the transition temperature. From
the measurements taken here it is apparent that any large changes in the
compressibility must come about through changes in elastic constante other
than those measured. Expuriments to determine this effect, principally
t.hrough'ch;ngu in 033, will be continued.

17, Nagayima, K. Yosida and R. Kubo, Ad Phys 4 1 (1955)
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APPENDIX I
CALCULATIONS
1. Velocity (based on [110) direction of propagation)
(s) Velocity of longitudinally polarized waves, [110) polarization.

Ve2d d 1s thickness of sample, 1,386 cm
t t is total transit time, 4.2 microsec

Ve2x1.386cm = 6.60 x 105 cm pec>
4 .20 microsec

(b) Velocity of shear waves polarized
Vejocdty.of | polarized parallel to ¢ axis, [001]

d remainas 1,386 co
t weasured an 9.4% microsec

V=2x1.386 cm = 2,9, x 10% co pec™d

9.45 microsec

(C) Velocity of shear waves polarized per, c
pendicular to ¢ axis,

d remains 1.386 ca
t measured as 17.10 micronec

Ve2x21.38 cm =1.62x 1.05 m sec-d
17.10 microsec

2. Attenuation

The alope of tho calibrated exponential curve was in uc-l. For

attenuation in db em™1 the following calculation wus eaployed:

-1
Attenuation (in db cm ) e Slope of e curve (in sec-l) x 8 636
Wave velocity (in co soc~.

3+ Elastio Constants, uncorrected fow thernal expansion ( [uo]
direotion uf propagation),t= 3.891 go >
(a) [120] polarization

2
ﬁcu . 5912 *Chp " eV =389l gn e x (6,60 x 105

® 26,95 x 1012 dyne cn™®

n

ca uuc-l)z

- 28
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1
]
: |
]
!
L {
i
2
[3
f .
i (b) [0l polarization ;
{ c“. -gvz ® 3.891 gmn o™ x (2.% x 105 [ -m:']')2 '
’;' * 3.363 x 202 dyne cn2
g (¢) [139) polarization
: 401y = ©p5) = @V = 3.691 gn @™ x (1,62 2 10° em mao™1)?
; = 2.021 x 102 dyne 2
’ i 4o Correction for thermal expansion at 70° K. |
: Lyp= Ly + OL g
3 sads: AL =03x20%x L, '
f Lo "Iy (0 €,) ;
P .
;' ¢ axin AL = -18:6 x 10% x Ly !
: Lo =l 14 6) l
i i
: -2 - 12 2 i
. Volgg * 1 Ly = 1y XL, (L€ ) (o€, ) l
: - M - N )
Zl . St Volgp Vo 1+ & Q€ g
i ]
; V (velocity) = L, = L 1+ € ;
% (velociry) L - :r' i
! (v - X x0-6 V1 g
b Vople € 0+¢ ) T :
!
! - @V, x_1
b ; &7 en le+6€y
g 2
{ - (ev )273 1-€6)
A 2 ' b
} . (e vz)z.,3 (1 - 18.6 x 107*) i
; (%) = (e¥),, (0.9580) ;
i ) i
‘ This correction was applied to computations in part 3 of this
¥ . appendix to provide data for Table 1.
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